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METHOD AND APPARATUS FOR INCREASING 
5 THE DEVICE COUNT ON A SINGLE ATA BUS 



CROSS-REFERENCE TO RELATED APPLICATIONS 



This application claims pP -riority is claim e d from U.S. Provisional Patent 
10 Application Serial N o. 60/210,713, filed June 9, 2000 entitled " Increasing the Disk Drive 
Count on a Single ATA BusINCREASING THE DISK DRIVE COUNT ON A SINGLE 
ATA BUS, " which is incorporated herein by reference in its entirety. 



FIELD OF THE INVENTION 
1 5 The present invention relates to increasing the device count on a single ATA bus. 

In particular, the present invention allows more than two devices to be interconnected to a 
single chann e l of an A TA bus. 



BACKGROUND OF THE INVENTION 
20 Various host computers (and mM ost personal computers) include a r e provid e d 

with an Advanced Technology Attachment (ATA) controller for communicating with 
ATA allowing various devices to communicat e with th e host syst e m using an ATA bus. 
T in a typical syst e m, th e AT-A-controller typically has is provid e d with two channels, 
each of which is connected to an ATA bus, and each ATA bus can be connected to are 
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capabl e of interconn e cting to two devices. The host computer can include additional 
controllers to connect to more devices ln ord e r to incr e as e th e numb e r of dovicoG that can 
be conn e ct e d to th e host syst e m, it is possibl e to add additional ATA controll e rs . 
However, fee -additional n umb e r of controllers that can b e add e d to any on e syst e m is 
5 limit e d, provision of the additional controll e rs adds te4he-cos t do not allow for command 
overlapping between devices and do not improve performance. Furthermore, e f-the 
syst e m, and providing appropriate cabling is difficult. In addition, such an approach it 
do e s not allow for command ov e rlapping b e tw ee n d e vic e s and having additional 
controll e rs do e s not improv e p e rformanc e . 

10 Alternative bus protocols As an alt e rnativ e to an ATA bus for conn e cting d e vices 

to a host syst e m, oth e r bus protocols are available. For instance, the small computer 
system interface (SCSI) allows as many as 255 SCSI devices to be interconnected to a 
single SCSI bus. However, SCSI devices are expensive, and them SCSI controller 
which _ is not normally provided in a personal as port of a PC typ e compute r, must b e 

15 used. Furthermore, although the-SCSI type bus provid e s improvesd performance over 
ATA, the SCSI data rate of such a bus cannot be fully exploited by most host 
computers vstems and SCSI devices. 

Accordingly, it would be advantageous to provid e a low cost m e thod and 
apparatus to increase the number of devices that can be interconnected to a single chann e l 

20 efan-ATAbus. 

In addition, it would b e advantag e ous to provid e s uch a method and apparatus 
that was r e liabl e in op e ration and that off e r e d performanc e advantag e s ov e r a s tandard 
ATA typ e int e rconn e ction. — 
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SUMMARY OF THE INVENTION 
In accordanc e with the pr e s e nt inv e ntion, a method and an apparatus for 
incr e asing th e driv e count on a singl e ATA typ e bus ar e provid e d. The present invention 
allows more than two devices to be interconnected to a single ATA type-bus. 
5 In accordance with an embodiment of- According to the present invention, the 

eaeh-devices are eachi s assigned a unique identifier, and a nd -the controller selects a 
device by sending is s e l e ct e d by a selection command that includes a selection identifier 
across p rovid e d using the-data lines of the ATA type-bus to the devices . The devices each 
receive the selection command and compare the selection identifier to the assigned 
10 identifier. The device which matches the selection identifier to its assigned identifier is 
selected, and the other devices are not selected. The selected device prepares to receive 
an additional command or data from the ATA bus, and the other devices disconnect 
themselves from the ATA bus. 

15 In accordance with anothere ae embodiment of the present invention, the selected 

device updates its status register and asserts PDIAG and INTRO in response to the 
selection command, and the controller reads the status register of the selected device to 
verify proper device selection in response to the PDIAG and INTRO assertions a modifi e d 
ATA-. 

20 In accordance with another embodiment of the present invention, the controller 

includes DASP, PDIAG and INTRO registers, the ATA bus includes multiple DASP, 
PDIAG and INTRO lines connected to the DASP, PDIAG and INTRO registers, and the 
devices share the data lines but have dedicated DASP, PDIAG and INTRO lines. 



In accordance with another embodiment of the present invention, the controller 
includes DASP. PDIAG and INTRO registers, the ATA bus includes multiple DASP, 
PDIAG and INTRO lines connected to the DASP. PDIAG and INTRO registers, and the 
devices share the data lines and the DASP, PDIAG and INTRO lines. 
5 Advantageously, typ e cabl e having a t e rminal for int e rconn e cting the cabl e to a 

modifi e d ATA controll e r, and having at l e ast thr ee t e rminals for int e rconn e cting th e 
modifi e d ATA typ e cabl e to at l e ast thr ee modifi e d ATA d e vic e s is provid e d. Th e 
controll e r s e l e cts on e of th e d e vic e s by issuing a s e l e ction command. Each d e vic e 
int e rconn e ct e d to th e ATA type bus r e c e iv e s th e s e l e ction command, and compar e s an 
10 identifi e r provid e d with th e s e l e ction command to an assign e d id e ntifi e r for that d e vic e . 
Th e s e l e cted device pr e par e s its e lf to r e c e iv e an additional command or data, whil e thos e 
d e vic e s that ar e not s e l e ct e d disconn e ct th e ms e lv e s from th e modifi e d ATA type bus. 

According to anoth e r e mbodim e nt of th e pr e sent inv e ntion, e ach d e vic e to b e 
int e rconn e ct e d to a modifi e d ATA type controll e r is provid e d with a differ e nt id e ntifi e r. 
15 In op e ration, th e controll e r issu e s a s e l e ction command that includ e s an id e ntifi e r 

corr e sponding to on e of th e assign e d id e ntifiers. In r e spon se to r e c e iving th e s e l e ction 
command, th e s e l e ct e d devic e pr e par es to r e c e iv e an additional command or data, while 
thos e devic e s that w e r e not s e l e ct e d disconn e ct th e ms e lv e s from th e modifi e d ATA bus. 

According to an e mbodim e nt of th e pr e s e nt inv e ntion, as many as 256 d e vic e s 
20 may b e int e rconn e ct e d to a singl e modifi e d ATA typ e chann e l. According to another 
e mbodim e nt of th e pr e s e nt inv e ntion, as many as e ight d e vic e s may b e int e rconn e ct e d to 
a singl e chann e l of a modified ATA typ e bus. 

In accordanc e with still anoth e r e mbodim e nt of th e pr e s e nt inv e ntion, a d e vic e 
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suitabl e for us e in connection with th e pr e s e nt invention includ e s a standard ATA typ e 
d e vic e that has b ee n modifi e d to compar e a r e ceiv e d id e ntifi e r to an assigned identifi e r in 
r e spons e to r e c e iving a s e l e ction command. A controll e r suitabl e for us e in connection 
with th e pr e s e nt inv e ntion may b e an ATA typ e controll e r modifi e d to issu e a s e l e ction 
5 command using data lin e s provid e d as part of th e ATA bus. A cabl e or interconnection 
suitabl e for us e in conn e ction with th e pr e s e nt inv e ntion may b e an ATA cable modifi e d 
to allow mor e than two d e vic e s to b e int e rconn e ct e d to th e modifi e d ATA typ e controll e r. 

Bas e d on th e for e going summary, a numb e r of sali e nt f e atur e s of th e pr e s e nt 
inv e ntion ar e r e adily disc e rn e d. A m e thod and an apparatus for incr e asing th e d e vic e 

10 count of a singl e ATA typ e bus ar e provid e d. In particular, th e m e thod and apparatus of 
th e pr e s e nt invention allow mor e than two d e vic e s to be int e rconn e ct e d to a singl e 
modifi e d ATA bus. In addition, th e m e thod and apparatus of the present invention allows 
th e int e rconn e ction of m ore than two devices to be connected to a single ATA bus chonn e l 
with only slight modifications to the op e rating param e t e rs of an ATA controll e r bus 

15 svstem and ATA typ e d e vic e , and with th e provision of an ATA typ e cabl e , modifi e d to 
provide t e rminals for th e d e sir e d numb e r of d e vic e s . 

Additional advantages of the present invention will become readily apparent from 
the following discussion, particularly when taken together with the accompanying 
drawings. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram illustrating a computer system that includes a bus system 
with a controller, an u tilizing a modifi e d A TA bus and devices in accordanc e with th e 
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Fig. 2 is a flowchart illustrating the-operational steps taken during power-up of 
the bus system without additional hardware an e mbodiment of th e prosont inv e ntion ; 

Fig. 3 is a flowchart illustrating operational steps taken by a device in response to 
5 a deviee-selection comman d that includes determining whether the bus system includes 
additional hardware in accordanc e with an e mbodim e nt of th e pr e s e nt inv e ntion ; 

Fig. 4 is a flowchart illustrating operational steps taken during device selection 
without additional hardware in the bus system in accordanc e with an e mbodim e nt of the 
pr e s e nt inv e ntion ; 

10 Fig. 5 is a block diagram illustrating the additional h ardware in the bus 

svstem s uitabl e for u se in conn e ction with an e mbodim e nt of th e pr e s e nt inv e ntion ; 

Fig. 6 is a flowchart illustrating operational steps taken during power-up of the 
bus system with the additional hardwareyet anoth e r e mbodim e nt of th e pr e s e nt inv e ntion ; 
and 

15 Fig. 7 is a flowchart illustrating operational steps taken during device d rive 

selection with the additional hardware in the bus system in accordanc e with y e t anoth e r 
e mbodim e nt of th e pr e s e nt inv e ntion . 



DETAILED DESCRIPTION 
20 Fig. 1 illustrates in block diagram form a computer system 100 that includes a 

host computer 104 and utilizing a modifi e d ATA b us system 10 4 having an incr e as e d 
d e vic e count in accordance with an embodim e nt of th e pr e s e nt inv e ntion. In addition to 
th e modifi e d ATA bus syst e m 10 4 , th e syst e m 100 includ e s a host comput e r 106. The 
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host computer 1046 g e n e rally includes a system bus 108, a processor 112, and system 
memory 1 1 6 and a controller 120 . 

The modified ATA b us system 1064 g e n e rally includes the a modifi e d ATA 
int e rfac e or controller 120, a single modifi e d ATA bus 124 and a plurality of modifi e d 
5 ATArdevices 128 designated as devices 128-0a, 128^, 128^e, 128^4, 128^e, 128^f, 
12826^ 128^b. Thus, the host computer 104 and the bus system 106 share the 
controller 120 In g e n e ral th e compon e nts of th e modifi e d ATA bus syst e m 10 4 in 
accordanc e with th e pr e s e nt inv e ntion ar e alt e r e d as compar e d to th e components us e d in 
conn e ction with a conv e ntional ATA bus as d e scrib e d in d e tail b e low . 

1 0 The modifi e d ATA int e rfac e or controller 120 provides an ATA interface that 

g e nerally se rv e s to int e r connects the system bus 108 tote-the various d e vic e s 12 8 via th e 
modifi e d A TA bus 124. Thus, In g e n e ral the modifi e d ATA controller 120 translates 
between the protocols of the system bus 108 and the protocol of th e ATA bus-(er 
input/output bus) 124. T in a typical ATA controll e r, no mor e than two d e vic e s may b e 

15 int e rconn e ct to e ach of th e provid e d first and s e cond chann e ls. How e ver, t he controller 
120 also of th e pr e s e nt inv e ntion is cap connects the system bus 108 to the devices 128 via 
the ATA bus 12 4 abl e of having mor e than two d e vices 12 8 int e rconn e ct e d to a singl e 
chann e l . 

The ATA bus 124 includes the ATA signal lines such as data lines and the DASP 
20 (device active, slave present), PDIAG (passed diagnostic) and INTRO (interrupt request) 
lines under the ATA protocol Likewise, the signal lines are terminated under the ATA 
protocol. The ATA bus 124 also includes a ribbon cable, a ribbon connector connected to 
the controller 120 and edge connectors connected to the devices 128. However, unlike a 



conventional ATA bus, the ATA bus 124 has eight edge connectors (rather than two) to 
provide separate edge connectors for each of the eight devices 128. 

The devices 128 are ATA storage devices such as hard disk drives, floppy drives, 
optical drives and tape drives. The devices 128 include ATA connection pins such as 
5 data, DASP, PDIAG and INTRO connection pins for connecting with the corresponding 
signal lines in the ATA bus 124. Furthermore, the devices 128 are each assigned a 
unique identifier. The identifiers may be assigned through hardware or software. For 
example, the identifiers may be assigned using jumpers on the exteriors of the devices 
128. Alternatively, the identifiers may be assigned by setting software switches during 

10 the initialization of the devices 128. 

The host computer 104 can perform ATA command and data transfer operations 
across the ATA bus 124 with any of the devices 128. The controller 120 sends a 
selection command that includes a selection identifier over the data lines to the devices 
128. The selection command can be issued at any time the data lines are available, and 

15 need not be issued during a selection phase, a command phase or a resolution phase. The 
devices 128 share the data lines and therefore receive the selection command and its 
selection identifier from the ATA bus 124. The Bri e fly stat e d, th e firmwar e of th e 
controll e r 120 of th e pr e s e nt inv e ntion is modifi e d from a controll e r in accordanc e with a 
conv e ntional ATA bus in that th e controll e r 120 of th e pr e s e nt inv e ntion is capabl e of 

20 s e nding a s e l e ction command ov e r data lin e s provided as part of the ATA bus 12 4 prior to 
issuance of a command or data dir e ct e d to th e s e l e ct e d d e vic e 12 8 > 

Th e modifi e d ATA bus 12 4 of th e pr e sent invention is, according to on e 
e mbodim e nt of th e pr e sent invention, identical to a conv e ntional ATA bus, in that th e 
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modifi e d ATA bus 12 4 includ e s an 8 bit data bus, and signal lin e s for e ach of the DAS?, 
PDIAG and IRQ signals. In addition, th e conductors us e d to provid e above m e ntion e d 
data bus and signal lin e s ar e terminat e d in conn e ctors provid e d in accordanc e with th e 
ATA protocol. How e v e r, unlik e a conv e ntional ATA bus, th e modifi e d ATA bus 124 of 
5 th e pr e s e nt inv e ntion may b e provid e d with mor e than two t e rminals to which d e vices 
128 may be interconn e ct e d. According to on e e mbodiment of th e pr e s e nt invention, th e 
modifi e d ATA bus 12 4 is provid e d with t e rminals for int e rconn e cting as many as e ight 
d e vic e s 12 8 to th e bus 12 4 and in turn to th e controll e r 120. According to anoth e r 
e mbodim e nt of the pr e s e nt inv e ntion, a modifi e d ATA bus 12 4 having decoding logic 

10 may r e c e iv e individual DASP, PDIAG and IRQ signals and may f ee d thos e signals to 
r e gist e rs in th e controll e r 120, as will b e e xplain e d in gr e at e r d e tail b e low. 

According to still anoth e r e mbodim e nt of th e pr e s e nt inv e ntion, as many as 256 
t e rminals may b e provid e d on th e modifi e d ATA bus 12 4 for int e rconn e cting as many as 
256 d e vic e s 12 8 to th e modifi e d ATA bus 12 4 and in turn to the controll e r 120. 

15 How e v e r, alt e rations to standard ATA hardwar e and signalling protocols would b e 

r e quir e d in ord e r to op e rably int e rconn e ct such a larg e numb e r of d e vic e s to a controll e r 

1 

J. XIV. 

Bri e fly stat e d, th e devices 128 each compare the selection identifier to are 
modifi e d as compar e d to a conv e ntional ATA typ e devic e in that th e y ar e e ach assign e d a 
20 diff e rent id e ntifi e r, and in that th e y ar e adapt e d to compar e a id e ntifi e r r e c e iv e d as part of 
a s e l e ction command to the assigned identifier. . In a typical impl e m e ntation, th ese 
modifications from a typical ATA d e vic e may b e accomplish e d by modifying the 
firmwar e of the devic e 12 8 . For example, the devices 128 may -include b e provid e d with 
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a processor with having firmware that running ther e on that includes instructions for 
comparesing the selection r e c e iv e d identifier to the assigned identifier. If a device 128 is 
selected (the selection identifier matches the assigned identifier), then it sends a 
confirmation signal over the ATA bus 124 to the controller 120. The remaining devices 
5 128 are not selected (the selection identifier does not match the assigned identifier) and 
disconnect from the ATA bus 124. The controller 120 then exchanges information (such 
as commands and data) over the ATA bus 124 with the selected device 128. The 
controller 120 can subsequently de-select the selected device 128 and select another 
device 128 by issuing another selection command with a different selection identifier 

10 over the data lines. 

In an embodiment, the controller 120 is a conventional ATA controller with 
modified firmware, the ATA bus 124 is a conventional ATA bus with eight edge 
connectors, and the devices 128 are conventional ATA devices with modified firmware. 
In another embodiment, the controller 120 is a conventional ATA controller with 

15 modified firmware and additional hardware (such as control registers and logic gates), the 
ATA bus 124 is a conventional ATA bus with eight edge connectors and additional 
hardware (such as separate DASP, PDIAG and INTRO lines for each edge connector), 
and the devices 128 are conventional ATA devices with modified firmware. In yet 
another embodiment, the devices 128 determine whether the additional hardware is 

20 present and respond to the selection command based on the determination. 

In an embodiment, the controller 120 selects the devices 128 by asserting a single 
selected data line, and the ATA bus 124 includes N data lines and N edge connectors. In 
this instance, the ATA bus 124 can support as many as N devices 128. In another 
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embodiment, the controller 120 selects the devices 128 by sending a binary number 
across the data lines, and ATA bus 124 includes N data lines, N DASP lines. N PDIAG 
lines. N INTRO lines, 2 N edge connectors and decoding logic that converts the DASP, 
PDIAG and INTRO signals at the edge connectors into a binary number that is sent across 
5 the data lines to the controller 120. In this instance, the ATA bus 124 can support as 
many as 2 N devices 128. 

Furthermor e , th e firmwar e may b e configured such that a d e vic e 12 8 i s 
disconn e cted from th e modifi e d ATA bus 12 4 if it is not s e l e ct e d. If a devic e 12 8 is 
sel e ct e d, th e firmwar e may caus e a confirmation signal to b e pass e d from that d e vic e to 

10 th e controll e r 120 ov e r th e modifi e d ATA bus 12 4 , 

In th e e mbodim e nt illustrat e d in Fig. 1, e ight d e vic e s 12 8 al2 8 h ar e shown. 
Accordingly, th e modifi e d ATA bus syst e m 10 4 illustrat e d in Fig. 1 may b e configur e d as 
a syst e m 10 4 to which as many as e ight d e vic e s 12 8 may b e op e rativ e ly interconn e ct e d to 
a singl e chann e l of th e controll e r 120. Alt e rnativ e ly, th e e mbodim e nt illustrat e d in Fig. 1 

15 could b e on e in which as many as 256 d e vic e s 12 8 may b e conn e ct e d, but that has only 
e ight d e vic e s 12 8 install e d. As can b e appr e ciat e d by on e of skill in th e art, by s e l e ctiv e ly 
ass e rting on e bit of an e ight bit s e l e ction command or word, a particular d e vic e 12 8 from 
a group of e ight such d e vic es 12 8 may be s e l e ct e d. Furth e rmor e , it can b e appr e ciat e d 
that one device 12 8 from among 256 d e vic e s 12 8 may b e s e l e ct e d using a binary numb e r 

20 d e fin e d by an e ight bit id e ntifier or s e l e ction command. Accordingly, using an 8 bit bus, 
a command sent over such a bus using an 8 bit id e ntifi e r may s e l e ct from among 256 
d e vices 128. 

The d e vices 12 8 may includ e any devic e capabl e of communicating acros s an 
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ATA bus that has b ee n modifi e d as d e scrib e d h e r e in 12 4 , In a typical implementation, 
the dovioos 12 8 include storag e d e vic e s. For e xampl e , th e d e vices 12 8 may includ e hard 
disk driv e s, floppy disk driv e s, optical driv e s and tap e driv e s. 

The d e vic e s 12 8 ar e e ach assign e d a differ e nt id e ntifi e r. The id e ntifier may be 
5 assign e d through hardwar e or softwar e . For e xampl e , jump e rs provid e d on an e xterior of 
each device 12 8 may b e us e d to assign an id e ntifi e r to th e d e vic e s 12 8 . Alt e rnativ e ly, an 
id e ntifi e r may b e assign e d by s e tting softwar e switch e s during initialization of the d e vic e s 

1 1Q 
TBu» 

With r e f e r e nc e to Fig. 2 y illustrates st e ps tak e n to p ower-up of the bus a modifi e d 
1 0 ATA system 1 064 in accordanc e with an e mbodim e nt of th e pr e s e nt invention ar e 
illustrat e d . Initially, at st e p 200, the power is turned on (step 200) . At step 20 4 . The 
devices 128 that are not logical unit zero (i.e. that ar e n ot designated as the a master) 
tristate configur e their dat a lines, b us driv e rs and driv e rs for th e INTRO and PDIAG 
signal lin e s fstep 204). To tristate a signal line means that the device 128 sets its driver 
for that signal line - to a high impedance conditio n, as is well-known under the ATA 
protocol . The device 128 d rive-that is has b ee n assign e d the logical unit zero then 
tristates configur e s its P DIA G driv e r to a high imp e danc e condition (step 208). 

A_t st e p 212, a determination is made as to whether tfee-PDIAG signal lin e 
provid e d as part of the ATA bus 12 4 h as been negate d (the devices 128 have all tristated 
PDIAG) (step 212) . If no tit has not b ee n n e gat e d , -the bus system 106 w aits at st e p 212 . 
If so, th e PDIAG signal lin e has b ee n n e gat e d, (i. e .. all of th e d e vic e s 12 8 attach e d to th e 
bus 12 4 hav e configur e d th e ir driv e r for the PDIAG signal lin e in a high imp e danc e 
condition) th e system proce e ds to step 216. At st e p 216, t he device 128 that is logical 



15 



20 
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unit zero asserts tke-PDIAG - clears its signal on th e bus 12 4 . Tho dovioo that is logical 
unit z e ro also n e gat e s th e BSY (busy) b i t in its status register? and sets its asserte-DRDY 
(device ready) b it in its&e status registe r (step 216) of th e d e vic e 128 . At st e p 220, a 
determination is then m ade as to whether the BSY bit is cleamegated and the DRDY bit 
5 is set (step 220) ass e rt e d . If not this condition is not m e t , the modifi e d ATA b us system 
1064 waits until th e condition is satisfi e d . If so Ono e th e condition is satisfi e d , power-up 
of the modifi e d ATA b us system 1064 is complete (step 224). 

With r e f e r e nc e now to Fig, 3; is_a flowchart illustrating the response of a device 
128 to a selection command in accordanc e with an e mbodim e nt of th e pr e s e nt inv e ntion 
10 is illustrated . Initially, at s t e p 300. a deviee-selection command that includes a selection 
identifier is sent r e c e iv e d on the-data linesbus of th e modifi e d ATA bus 124 (step 300) . _E 
At st e p 30 4 , each device 128 determines whether the selection identifier matches its 
assigned identifie r (step 304) match e s th e identifier transmitt e d as part of th e driv e 
s e l e ction command . 

15 If a device 128 determines that the selection identifier matches its assigned 

identifie rt her e is a match , the selected device 128 next determines whether the modifi e d 
ATA b us system 1064 is -includes additional t tsing-hardware r e gist e rs (step 308). In 
particular. That is, the selected device 128 determines whether w h e th e r r e gist e rs such as 
may b e provid e d as part of the controller 120 includes additional control registersa re 

20 b e ing utiliz e d for conv e ying certain information r e garding th e modifi e d ATA bus syst e m 
W4._-If so, th e modifi e d ATA bus syst e m 10 4 is b e ing us e d in conn e ction with hardwar e 
r e gist e rs, the selected device 128 enables its dat a linesb as drivers (step 312) and asserts 
the-DASP sigaa]-(step 316). 
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If no tth e modifi e d ATA bus system 10 4 is not configured for use with hardwar e 
regist e rs , the selected device 128 tristates configur e s its PDIAG signal lin e driv e r in a 
high imp e danc e condition (step 320 V. At stop 32 4 , the select e d devic e 12 8 determines 
whether the-PDIAG i signal lin e ha s been-negate d and . The sel e ct e d d e vic e 12 8 idles at 
5 st e p 32 4 until the-PDIAG i signal lin e ha s been-negate d (step 324) . 

Once the-PDIAG isignal lin e ha s been-negated, the selected device 128 asserts fee 
PDIAG si#ial-(step 328) ^. In addition, th e s e l e ct e d d e vic e 12 8 enables its dat a lineb us 
and INTRQ drivers (step 332) and asserts the-INTRQ signal-(step 336). 

If a device 128 determines at st e p 30 4 t hat the selection identifier does not match 

10 its assigned identifier (step 304) th e id e ntifi e r assign e d to that d e vic e 12 8 does not match 
the identifier sp e cifi e d as part of th e s e l e ction command , th e d e vic e 12 8 proc ee ds to st e p 
3 4 0. In st e p 3 4 0, the device 128 determines whether the modifi e d ATA b us system 1064 
includes additional h ardwar e (step 340) r e gist e rs . If so th e modifi e d ATA bus syst e m 10 4 
us e s hardwar e r e gist e rs , the device 128 tristates configur e s its the data lines b us driv e rs 

1 5 s uch that they pr e s e nt a high imp e danc e to th e data bus (step 344) and th e d e vic e 12 8 
negates the-DASP signal lin e (step 348). If th e modifi e d ATA bus syst e m 104 is n ot 
configur e d for us e with hardwar e r e gist e rs , the device 128 tristates the configur e s its data 
lines b us driv e rs , ks-DSTTRQ and its-PDIA G driv e rs such that th e y pr e s e nt a high 
imp e danc e to th e r e sp e ctiv e data or signal lin e s (step 352). 

20 With r e f e r e nc e now to Fig. 4? is_a flowchart illustrating the selection of a device 

128 in the connection with a modifi e d ATA b us system 1064 without the additional 
hardwarein accordanc e with th e pr e s e nt inv e ntion that do e s not utilize hardwar e in 
addition to that normally supplied with a conventional ATA bus is illustrat e d . Initially, at 
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st e p 4 00, the host computer s vstem-1046 issues a deviee-selection command that includes 
a selection identifier through the controller 120 t o select a-one of the devices 128 (device 
n Ustep 400) . Th e devic e s e l e ction command is issued through th e controll e r 120. The 
devices 128 aH-receive the selection command over the data linesb us of the ATA b us or 
5 chann e l 124 of th e modifi e d ATA syst e m 10 4 (step 404). The devices 128 that ar e not 
selected (i. e ., w hose assigned identifiers do not match the selection identifier are not 
selected and transmitting as part of th e s e l e ction command) configur e tristate t heif data 
lines b us driv e rs and INTRQ driv e rs such that th e y pr e sent a high impedanc e to the 
modifi e d ATA bus 12 4 (st e p 4 0 8 ). In addition, th e d e vices 12 8 that ar e not s e l e ct e d and 

1 0 negate the-PDIAG s ignal lin e (step 408). 

The selected device 128 whose assigned identifier matches the selection identifier 
tristates p r e s e nts a high imp e danc e at that d e vic e s 1 int e rconn e ction to th e P DIAG signal 
line-(step 412) ^. As not e d abov e , th e s e l e ct e d d e vic e 12 8 is that devic e having an 
assign e d id e ntifi e r matching th e identifi e r transmitt e d with th e se l e ction command. At 

1 5 st e p 4 16, th e s e l e ct e d d e vic e 12 8 determines whether the-PDIAG signal lin e is negated 
and idles until PDIAG is negated ( (st e p 4 16). If it is not, th e s e l e ct e d d e vic e 12 8 idl e s at 
step 416}. OnceI £the PDIAG signal lin e is negated, the selected device 128 asserts the 
PDIAG signal, and enables its dat a lineb us and INTRQ drivers (step 420) and ^-The 
s e l e ct e d d e vic e also asserts the-INTRQ sig*al-(step 424). 

20 At st e p 4 2 8 , t The controller 120 determines whether the-INTRQ i signal ha s been 

asserte d (step 428) . If not, the controller 120 waits. If soyes, th e system host 106, 
through the controller 120; reads the status register in the selected device 128 to verify the 
successful selection of the selected device 128 (step 432). The host computer s ystem 
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1046 may-then issues an additional commands, such as commands to send or receive 
data, through the controller 120 t o the selected device 128 through th e controll e r 120 
(step 436). Following a read/write command to send or receive data, data may be 
transferred p assed-between the controller 120 and the selected device 128. 
5 With r e f e rence now to Fig, 5? shows the additional hardware in the that may b e 

provid e d in conn e ction with a modifi e d ATA b us system 1064 in accordanc e with th e 
pr e s e nt invention is illustrat e d in block diagram form . 

-The controller 120 includes the Shown in Fig, 5 ar e th e modifi e d ATA bus 12 4 
and various control registers 500 ^. In addition, Fig, 5 shows an AND gate 504, an OR 

10 gate SOSr^and an interrupt request signal line 512 , an interrupt mask register bus 544 and 
an interrupt logic bus 548 . 

The control registers 500 g e n e rally include a selected status register 516, a ready 
status register 520, an interrupt pending register 524 T and an interrupt mask register 528. 
T As will b e appr e ciat e d by thos e of skill in th e art, t he various control registers 500 may 

15 be accessed through the register access address (control block register 4) and the register 
access data (control block register 5) under the ATA protocol. The AND gate 504 is 
eight two-input AND gates, the OR gate 508 has eight inputs and a single output, the 
interrupt request signal line 512 is a single signal line and the interrupt mask register bus 
544 and the interrupt logic bus 548 are eight-bit buses. availabl e as part of a conv e ntional 

20 ATA controll e r. Furth e rmor e , it will b e appr e ciat e d that th e AND gat e 50 4 , OR gat e 50 8 
and int e rrupt r e qu e st signal lin e 512 r e pr e s e nt hardwar e that is not found in conn e ction 
with a conv e ntional ATA s yst e m, and that is uniqu e to th e modifi e d ATA bus syst e m 10 4 
of th e pres e nt inv e ntion. 
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The ATA bus 124 includes the data bus 502 that includes the data lines, the DASP 
bus 532 that includes eight DASP lines (DASP 0-7\ the PDIAG bus 536 that includes 
eight PDIAG lines (PDIAG 0-7) and the INTRO bus 540 that includes eight INTRO lines 
(INTRO 0-7). Thus, the data bus 502. the DASP bus 532, the PDIAG bus 536 and the 
5 INTRO bus 540 are eight-bit buses. 

The DASP lines, the PDIAG lines and the INTRO lines are dedicated to the 
individual devices 128. For example. DASP line 0, PDIAG line 0 and INTRO line 0 are 
connected to device 128-0 and disconnected from devices 128-1 to 128-7. DASP line 1, 
PDIAG line 1 and INTRO line 1 are connected to device 128-1 and disconnected from 
10 devices 128-0 and 128-2 to 128-7. and so on. Thus, unlike a conventional ATA bus 

which includes single DASP. PDIAG and INTRO lines that are shared by the devices, the 
ATA bus 124 includes multiple DASP. PDIAG and INTRO lines that are not shared by 
the devices 128. Instead, the devices 128 are each connected to a separate DASP. PDIAG 
and INTRO line. 

1 5 The DASP bus 532 Fig, 5 illu stratesis-as an an-input to the selected status register 

516 the DASP signal bu s 532 . Accordingly, th e DASP pin of each device 128 of th e 
modified ATA syst e m 10 4 may selectively drives a corresponding DASP signal line on 
the DASP signal b us 532 to set a corresponding b it in the selected status register 516. For 
example, device 128-0 selectively drives DASP line 0 to set a corresponding bit in the 

20 selected status register 516. device 128-1 selectively drives DASP line 1 to set a 
corresponding bit in the selected status register 516. and so on. 

The PDIAG bus 536 is an input to the ready status register 520 is the PDIAG 
signal bus 536 . Accordingly. eE ach device 128 included in th e modifi e d ATA bus syst e m 
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10 4 may selectively drives the -a corresponding individual P DIAG signal line on the 
PDIAG bus 536 to set a corresponding bit in the ready status register 520 associat e d with 
that d e vic e 12 8 . Accordingly, e ach d e vic e 12 8 is individually int e rconn e ct e d to th e r e ady 
status r e gist e r 520 by a dedicat e d signal lin e on the PDIAG signal bus 536 such that e ach 
5 d e vic e may s e l e ctiv e ly s e t a bit in th e r e ady status r e gist e r 520 . For example, device 128- 
Q selectively drives PDIAG line 0 to set a corresponding bit in the ready status register 
520, device 128-1 selectively drives PDIAG line 1 to set a corresponding bit in the ready 
status register 520, and so on. 

The INTRO bus 540 is an input to the interrupt pending register 524 is th e IRQ 
signal bus 5 4 0 . Accordingly, eE ach device 128 may-selectively drives a corresponding 
th e individual INTRO si^ial-line on the INTRO bus 540 to set a corresponding bit in the 
interrupt pending register 524 assooiat e d with it. Accordingly, th e IRQ signal bus 5 4 0 
provid e s an individual IRQ signal lin e for e ach devic e 12 8 includ e d in th e modifi e d ATA 
syst e m 10 4 . Th e IRQ signal bus 5 4 0 is also int e rconn e ct e d to th e AND gate 50 4 , as will 
b e d e scrib e d in gr e at e r d e tail b e low. Th e r e for e , e ach d e vic e 128 may s e l e ctiv e ly s e t a bit 
in th e int e rrupt p e nding r e gister 52 4. For example, device 128-0 selectively drives 
INTRO line 0 to set a corresponding bit in the interrupt pending register 540, device 128- 
1 selectively drives INTRO line 1 to set a corresponding bit in the interrupt pending 
register 540, and so on. 

As can b e appr e ciat e d by one of skill in th e art, th e DASP signal bus 532, th e 
PDIAG signal bus 536, and th e IRQ signal bus 5 4 0 shown in Fig. 5 ar e 8 bit buss e s 
provid e d as part of th e modifi e d ATA bus 12 4 , as is th e data bus 502. D e cod e logic to s e t 
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th e appropriate bit or bits in th e r e gi s t e rs 500 may b e includ e d as part of th e hardwar e 
us e d to impl e m e nt th e modifi e d ATA bus 12 4 of such an e mbodim e nt of th e pr e s e nt 
inv e ntion. Th e d e cod e logic may b e provid e d using one or mor e fi e ld programmabl e gat e 
arrays. Furth e rmor e , it can b e appr e ciat e d that if mor e than e ight d e vic e s ar e to b e 
5 support e d by th e modifi e d ATA syst e m 10 4 , alt e rations to th e way in which th e d e vic e s 
12 8 driv e th e lin e s of th e signal bus e s 532, 536 and 5 4 0 must be mad e . For e xampl e , 
e ach d e vic e 12 8 may b e provid e d with an e ight bit driv e r for each of th e DASP, PDIAG, 
and IRQ signals, and may b e int e rconn e ct e d to e ach of the data lin e s in th e DASP 532, 
PDIAG 536, and IRQ 5 4 0 bus e s. As many as 256 devic e s 12 8 could th e n be conn e ct e d to 

10 th e modifi e d ATA bus syst e m 10 4 , provid e d that e nough t e rminals ar e also provided for 
int e rconn e cting th e devic e s 12 8 to the modifi e d ATA bus 12 4 . Alt e rnativ e ly, an 
individual signal lin e for e ach of th e provid e d d e vices 12 8 must b e provid e d by e ach of 
th e DASP 532, PDIAG 536, and IRQ 5 4 0 signal bus e s, and a corr e sponding bit provid e d 
in th e r e gist e rs 500, As many d e vic e s as signal lin e s and r e gist e r bits w e r e provid e d 

15 could th e n b e conn e ct e d to th e modifi e d ATA syst e m 10 4 , provid e d that a lik e numb e r of 
t e rminals w e r e provid e d by th e modifi e d ATA bus 12 4 , and provid e d that alt e rations 
w e r e mad e to th e hardwar e and/or signalling protocols to accommodat e incr e as e d s ignal 
path l e ngths. 

The interrupt mask register 528 is written by the controller 120. T As can b e 
20 appr e ciat e d, ty pically^ only one bit of the interrupt mask register 528 is will b e set and the 
remaining bits of the interrupt mask register 528 are cleare nabled. The set bit indicates 
which one of the devices 128 is the selected device 128. 

-The INTRO bus 540 and the interrupt A rmask register bus 544 are inputs to the 
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AND gate 504. The INTRO bus 540 provides interrupt requests from the devices 128 to 
the AND gate 504, and the interrupt mask register 528 p rovides a signal indicatesive the 
selected device 128 to the of th e e nabled bits in the interrupt mask r e gister 52 8 to th e 
AND gate 504. The AND gate 504 is also provid e d with tho signals from the IRQ signal 
bus 5 4 0 . _ In a system 10 4 having as many as e ight d e vices 12 8 int e rconn e cted th e r e to, 
both th e IRQ signal bus 5 4 0 and th e int e rrupt mask r e gister bus 5 44 will b e e ight bits 
wid e . Accordingly, th e AND gat e 50 4 will typically consist of e ight two input AND 
gat e s. T he output of the AND gate 504 is sent across the interrupt logic bus 548 provid e s 
th e output from th e AND gat e 50 4 to the input of the OR gate 508 . and the output of the 
OR gate 508 is sent across the interrupt request signal line 512 to the system bus 108 and 
in turn to the processor 112 . If a set any on e b it of the interrupt mask register 528 
matches an asserted signal any on e IRQ signal on the INTR O signal bus 540? then a 
signal line at l e ast on e of th e bits on the interrupt logic bus 548 will be high, and therefore 
the output ofrem the OR gate 508 will also be hig h and the interrupt request signal line 
1 5 512 will pass the interrupt request to the processor 112 . Thus, aA high signal from the 
OR gate 508 indicates that th eat l e ast on e selected device 128, as confirmed by the 
selection stored in the interrupt mask register 528, is generating an interrupt request. 
Such r e qu e st is provid e d to th e host 106 ov e r th e int e rrupt signal lin e 512, 

In an alternative embodiment, the ATA bus 124 may include decode logic to set 
20 the appropriate bits in the control registers 500. and each device 128 may be provided 
with a driver connected to each of the signal lines in the DASP bus 532, the PDIAG bus 
536 and the INTRO bus 540. That is, the DASP lines, the PDIAG lines and the INTRO 
lines are shared by (rather than dedicated to) the individual devices 128. For example, 
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DASP line 0. PDIAG line 0 and INTRO line 0 are connected to devices 128-0 to 128-7. 
DASP line 1, PDIAG line 1 and INTRO line 1 are connected to devices 128-0 to 128-7, 
and so on. Thus, unlike a conventional ATA bus which includes single DASP. PDIAG 
and INTRO lines that are shared by the devices, the ATA bus 124 includes multiple 
5 DASP. PDIAG and INTRO lines that are shared bv the devices 128. Furthermore, the 
selection command sent over the data bus 502 and the DASP. PDIAG and INTRO signals 
sent over the DASP bus 532. the PDIAG bus 536 and the INTRO bus 540. respectively, 
can be eight-bit binary words with 2 8 or 256 addresses. As a result, as many as 256 
devices 128 can be connected to the ATA bus 124 provided the ATA bus 124 has 256 
edge connectors and the hardware and/or signaling protocols are altered to accommodate 
increased signal path lengths. 

The additional hardware also I n g e n e ral, th e us e of additional hardwar e as 
illustrat e d in Fig. 5 allows th e modifi e d ATA bus syst e m 10 4 to manag e interrupt 
r e qu e sts from the d e vic e s 12 8 . In addition, th e e mbodim e nt of th e pr e s e nt inv e ntion 
illustrat e d in Fig. 5 p rovides the opportunity for -overlapping commands across the 
devices 128d rives. The interrupt pending register 524 allows the processor 112 to 
identify each device 128 that has asserted INTRO and therefore has a pending interrupt. 
For instance, if the device 128-0 asserts INTRO line 0 and the device 128-1 asserts 
INTRO line K thereby setting the corresponding two bits in the interrupt pending register 
20 524, the commands can be overlapped by issuing a firstdrive command to thea device 
128-O first driv e and before the first commanded operation is completed issuing a second 
command to the device 128-1 a second drive . 

In on e mbodiment in which additional hardware) such as that illustrat e d in Fig. 5 is 
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provid e d, th e modifi e d ATA bus 10 4 may operat e according to a diff e r e nt protocol. With 
r e f e r e nc e now to Fig. 6; illustrates power-up of the bus system 106 with the additional 
hardware using an th e operation of an e mbodim e nt e mploying on e such alternative 
protocol is illustrat e d in block diagram form . Initially, at st e p 600, the power to th e 
5 modifi e d ATA bus syst e m 10 4 is turned o n (step 600) . Each device 128 asserts DASP w 
Within a selected amount of time, for example from about 1-10 milliseconds; e ach d e vic e 
12 8 int e rconn e ct e d to th e modifi e d ATA bus syst e m 10 4 ass e rts its associat e d DASP 
signal lin e (step 604). .At st e p 608, eEach device 128 asserts ks-PDIA G s ignal lin e , and 
negates ite-DASP signal lin e w hen it th e d e vic e 12 8 is ready to receive a command (step 
10 608V 

At st e p 612, t The controller 120 determines whether all of t he devices 128 have 
negated tfee-DASP (step 612s jg*atV If not, the controller 120 waits until all d e vic e s 12 8 
hav e n e gat e d th e ir DASP signal lin e (step 612). IfsojThe controller 120 next 
determines whether all of t he devices 128 have asserted PDIAG (step 616). If th e y hav e 

1 5 not, the controller 120 may notify the processor 112 host syst e m 106 of a problem or that 
fewer than the expected or possible number of devices 128 are connected, or wait until 
the devices 128 have aH-asserted PDIAG. After all of t he devices 128 have asserted 
PDIAG, or after the controller 120 has been instructed or has decided to continue with 
less than all of the devices 128 asserting PDIAG, the host computer 1046 may read or 

20 write to the modifiod ATA bus 1204 through the controller 120 (step 620). 

With r e f e r e nc e now to Fig, 7 is a flowchart illustrating^ the selection of a device 
128 in the bus system 106 with the additional hardware using an alternative 
protocol accordanc e with an embodiment of th e pr e s e nt inv e ntion utilizing th e hardware 
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illustrat e d in Fig, 5 is shown . Initially, at st e p 700. t he host computers vstem 1046 issues 
a first or devic e selection command to select a device 128 (device n) (step 700). The 
devices 128 receive the device-selection command over the data lines of the data buslines 
502 of the modified ATA bus 124 (step 704). The devices 128 that are not selected 
5 tristate the configur e th e ir dat a lines b us driv e rs to pr e s e nt a high imp e danc e to th e data 
bus 502, and configure th e ir DASP driv e r so as to n egate the-D ASP signal corr e sponding 
to that device 12 8 (step 708). The 

A-selected device 128 enables its dat a lineb us 5©2-<lrivers7 and asserts ks-DASP 
signal (step 712). JT At st e p 716, t he controller 120 determines whether only the intended 

10 device 128 is indicated as selected in the selected status register 516 (step 716) . If 

so Onc e th e controll e r 120 has confirm e d that only th e se l e ct e d d e vic e 12 8 is indicat e d as 
s e l e ct e d , the host computers vstem 1046 may issue anothe r second command, for example 
a command to read or write data A to the selected device 128 through the controller 120 
and over the modifi e d A TA bus 124 (step 720). 

15 From th e for e going discussion, it can be appr e ciat e d that th e cabling us e d to 

impl e m e nt th e modifi e d ATA bus 12 4 of th e pr e s e nt inv e ntion is similar to that of a 
conv e ntional ATA bus e s cabling. Ind ee d, in an e mbodim e nt without th e hardwar e 
illustrat e d in Fig. 5 that is in addition to that provid e d as part of a conv e ntional ATA 
syst e m, and to which no mor e than two devic e s 12 8 ar e to b e attach e d, th e cabl e 

20 impl e menting the modifi e d ATA bus 12 4 may b e id e ntical to a conv e ntional ATA bus 
cabl e . In ord e r to conn e ct additional driv e s to th e modifi e d ATA bus syst e m 10 4 , th e 
cabl e of th e modifi e d ATA bus 12 4 n ee d only b e provid e d with additional t e rminals to 
allow th e physical interconn e ction of such additional d e vic e s 12 8 . 
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The In accordanc e with one e mbodiment of th e p resent inventio n may include 7 
and in particular on e that e mploys additional hardwar e such as is illustrat e d in Fig. 5, a 
back plane for implementing the physical channel of the modifi e d A TA bus 124 a 
particularly if the additional hardware is included is provided . T in particular, t he back 
5 plane is adapt e d to m inimizes the distance that signals must travel between the controller 
120 and aiiy-ef-the attach e d devices 128. T in accordance with on e e mbodim e nt of th e 
pr e s e nt inv e ntion, th e back plane also is adapt e d to m inimizes the capacitance in the 
signal lines between the controller 120 and the attach e d devices 128. The back plane may 
incorporate the DASP bus 532, the PDIAG bus 536. the INTRO bus 540. the decode 

10 logic associated with these buses, and the AND gate 504. the OR gate 508. the interrupt 
request signal line 512 and the interrupt logic bus 548 for interrupt management. 

The present invention may also include a- ^A framework for holding the fe ekfeg 
multipl e devices 128 in close proximity to one anothe r may th e r e for e b e b e n e ficially 
provid e d in conn e ction with an e mbodim e nt of th e pr e s e nt inv e ntion . For example, a 

1 5 framework for holding eight hard disk drives (the devices (i. e .. e ight d e vic e s 128^) 

having integrated connectors to-allows each e£the-hard disk drives to be interconnected 
to the modifi e d A TA bus 124 in a modular fashion may b e provid e d . T in accordanc e 
with on e e mbodiment of th e pr e s e nt inv e ntion, t he framework is no taller than necessary 
in order to accommodate the eight hard disk drives. For example, the framework may 

20 result in a hard disk drive stack height of 8 V% inches. Th e back plan e may also 
incorporat e the DASP 532, PDIAG 536 and IRQ 5 4 0 signal busses, decode logic 
associated with those buss e s 532, 536 and 5 4 0, and compon e nts 50 4 , 50 8 , 512 and 5 48 
for int e rrupt managem e nt that ar e in addition to or modifi e d from compon e nts provid e d 



-24- 



as port of a conv e ntional ATA bus 

The foregoing discussion of the invention has been presented for purposes of 
illustration and description. Further, the description is not intended to limit the invention 
to the form disclosed herein. Consequently, variations and modifications commensurate 
5 with the above teachings, within the skill and knowledge of the relevant art, are within 
the scope of the present invention. The embodiments described herein are further 
intended to explain the best way presently known of practicing the invention and to 
enable others skilled in the art to utilize the invention in such or in other embodiments or 
with various modifications required by their particular application or use of the invention. 
10 It is intended that the appended claims be construed to include the alternative 
embodiments to the extent permitted by the prior art. 
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ABSTRACT 

The present invention allows more than two devices to be connected to a single 
ATA bus. The devices are each assigned a unique identifier, and a controller selects a 
device by sending a selection command that includes a selection identifier across data 
5 lines of the ATA bus to the devices. The devices each receive the selection command and 
compare the selection identifier to the assigned identifier. The device which matches the 
selection identifier to its assigned identifier is selected, and the other devices are not 
selected. A m e thod and apparatus for incr e asing th e d e vic e count on an ATA bus ar e 
provid e d. Th e pr e s e nt inv e ntion provid e s a modifi e d ATA bus, to which mor e than thr ee 

10 d e vic e s may b e int e rconn e ct e d. According to th e pr e s e nt inv e ntion, a s e l e ction command 
is provid e d to d e vice s interconnected to th e bus ov e r th e bu s data lin e s. Th e d e vic e s, 
upon r e c e iving th e s e l e ction command, compar e an identifi e r includ e d in or associat e d 
with th e command to an assigned identifier. A d e vic e that is s e l e ct e d pr e par e s to r e c e iv e 
an additional command or data, whil e a d e vic e that is not s e l e ct e d disconn e cts its e lf from 

15 th e databus. Th e pr e s e nt inv e ntion includ e s modifying an ATA controll e r to issu e a driv e 
s e l e ction command, and modifying an ATA d e vic e , such as a hard disk driv e , to allow an 
id e ntifi e r to b e assign e d to that d e vic e , and to r e spond appropriat e ly to a s e l e ction 
command. The present inv e ntion furth e r includ e s providing an int e rconn e ction, such as a 
cabl e , having t e rminals to allow mor e than two d e vic e s to b e int e rconn e ct e d to a signal 

20 chann e l of a controll e r. 
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